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cytosol in an ATP-dependent manner (28, 29) In yeast, previous studies reported the occurrence of fOSs in Saccharomyces cerevisiae (41, 42) that were degraded mainly by a cytosol/vacuole α-mannosidase, Ams1p (42).
However, detailed structural determination of fOSs still remains to be determined.
To identify the precise structures of fOSs from yeast, we used a method previously applied to analyze them in other organisms (33,38), i.e., pyridylamination (PA) of oligosaccharides followed by HPLC analysis.
However, we found that most of the PA-labeled oligosaccharides were not derived from fOSs but from β-1,6-glucans. We therefore treated the PA-oligosaccharide fractions with purified endo-1,6-β-glucanase to successfully isolate the fOSs. By HPLC analysis of the PA-labeled fOSs, His 6 -tagged endo-1,6-β-glucanase (His 6 -Neg1).
The yeast strains used in this study are listed in Table 1 . Integration of a DNA fragment encoding 3× HA epitope at the 3' end of the chromosomal AMS1 locus, was performed by the one-step PCR method (43) . Yeast cells were grown in YPD medium (1% yeast extract, 2%
poly peptone, 2% glucose).
Construction of His 6 -NEG1 expression vector
The mature neg-1 coding region from by centrifugation at room temperature at 20,000
x g for 5 min. Supernatant was dried up, resuspended in water and analyzed by HPLC.
One unit was defined as the amount of enzyme that catalyzes hydrolysis of 1 nmol of PA-gentio hexaose per minute.
Preparation of PA-oligosaccharide standards
The following standards of PA-oligosaccharides and PA-monosaccharides were purchased from TaKaRa (Kyoto, Japan): PA-Glc, PA-ManNAc, PA-GlcNAc, PA -Man, PA-M5A, PA-M6B,   PA-M7A, PA-M7C, PA-M8A, PA-M8B, PA-M8C, PA-Man9A and PA-Glucose oligomer. PA-G1M9A was prepared as described previously (45) . G1M7-PA and G1M5-PA were prepared by the digestion of was loaded onto an InertSep GC column (150 mg/3ml; GL-Science, Tokyo, Japan). The fOS fraction was adsorbed to the column, which was rinsed with 3 ml of water and fOSs were eluted with 2.5 ml of 25% acetonitrile. Finally, the desalted fOS fraction was lyophilized and resuspended in 100 µl water.
Preparation of PA-labeled oligosaccharides
The preparation of PA-labeled oligosaccharides was carried out as described previously (47) AXIMA-CFR (Shimadzu, Kyoto, Japan) using 2,5-dihydroxybenzoic acid (Shimadzu) as a matrix as described previously (31) .
For desalting of PA-oligosaccharide containing fractions, we used C18+ carbon NuTip (Hypercrb, Glygen, Columbia. MD, USA) as described previously (31) .
Reducing end analysis of

PA-oligosaccharides
Reducing end analysis of PA-oligosaccharides was performed as described previously (49 
Glycosidase digestions
The digestion of PA-fOSs with jack bean α-mannosidase (40 mU) (Seikagaku Corp., Tokyo, Japan) was performed (to cleave α1,2-, 
Reverse transcription-PCR (RT-PCR) of
HAC1 mRNA
The splicing of HAC1 was assayed using RT-PCR as described previously (50) . Briefly, ams1∆ cells were grown to mid-log phase in YPD medium and treated with/without 2 mM DTT or 2 µg/ml tunicamycin for 90 min. The cells were collected and total RNA was extracted using the RNeasy Mini Kit (QIAGEN, Valencia, CA) according to the manufacture's instructions. cDNA was generated from 2 µg of total mRNA using the Primescript 1st strand cDNA synthesis kit (TaKaRa). Uninduced Amplicons were analyzed by electrophoresis on 2% agarose gels.
Protein extraction and immunoblot analysis
Yeast cells were grown to mid-log or These results suggested that PA-fOSs were not derived from β-1,3-glucans. Enzymes acting on β-1,6-glucans are not commercially available,
we therefore expressed His 6 -tagged Neurospora crassa endo-1,6-β-glucanase (His 6 -Neg1) in
Escherichia coli (Supplemental Figure S2A ) and purified it on a Ni-affinity column. The enzyme was successfully purified (Supplemental Figure   S2B ), and the specific activity was increased 44-fold with a yield of 11% (Supplemental Table S1 ). We then examined the effect of (Table   2 ). After JB mannosidase digestion, a remaining peak was observed (peak i in Figure 2B , bottom) and the molecular weight of this peak was consistent with the theoretical molecular weight Table 3 ). With respect to peak b1, the structure could not be unequivocally identified due to the lack of a standard sample, but it was predicted based on various glycosidase digestions and the fact that this glycan should be derived from larger fOSs already isolated (Table   3 ; glycosidase digestion data are shown in Supplemental Figure S3 ). We were also unable to identify the structures relating to peaks g and (Table 3) . With respect to the structure of f1, designated M10G, we could not determine the precise structure because the authentic sample was unavailable, however, based on the results of various glycosidase digestions as well as structure information of other fOSs determined, the structure was predicted as shown in Table 3 .
This unusual structure (i.e., α-1,2-mannose We also found that several forms of fOSs were subjected to yeast-specific glycan modification (Table 3 ). This modification was found to be mediated by a Golgi-resident α-1,6-mannosyltransferase, Och1p, and this (Table 3) . Thus, these fOSs also seem to be produced by Ams1p. We also showed that atg19∆ cells, possessing a defect in Ams1p transport from the cytosol to the vacuole, can process fOSs more efficiently than wild-type cells. This is the first report to unequivocally demonstrate that Ams1p has enzyme activity even without being targeted to the vacuole.
It is noteworthy that under DTT stress, the overall amount of fOSs was increased (i.e., indication of the aggravation of overall glycoprotein ERAD), but no change in the amount of M7C was observed ( Figure 6C ). were digested with endo-1,6-β-glucanase as described in Figure 2 . Asterisk indicates the non-specific peak, which is resistant to JB mannosidase treatment. 
